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PURPOSE: To mitigate troubles from the viewpoint of manufacture generated by 
making the pattern cycle of a comb-line electrode small by changing the 
propagation directions of the surface acoustic waves of first and second 




(57)Abstract: 



resonators and forming a pattern. 

CONSTITUTION: This filter is constituted of two serial resonators S1 and S2 and 
two parallel resonators P1 and P2 on the Z cut single crystal substrate 10 of 
LiNb02. After it is mounted to a package 1 1 , the terminal of the filter is wire- 
bonded and connected to the terminal of the package. In this case, the 
resonators and conductive lines are pattern-formed by photographically etching a 
copper-added aluminum sputtered film and the pattern cycle of the comb-line 
electrode is defined as 2.06pm. Also, the propagation direction of the resonators 
S1 and S2 is defined in a Y axis direction and the propagation direction of the 
resonators P1 and P2 is defined in the direction shifted for 10 degrees from the Y 
axis direction. As a result, the fall of rise can be slightly shifted to a low frequency 
side and the suppression degree of -35dB can be secured in the band of 1.3- 
1.37MHz. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave filter characterized by changing propagation 
bearing of the surface acoustic wave of said 1st resonator and 2nd resonator, 
and having carried out pattern formation in the surface acoustic wave filter of the 
ladder mold which comes to connect with a serial arm the 2nd 1 terminal-pair 
surface acoustic wave resonator with the resonance frequency which carries out 
abbreviation coincidence of the 1st 1 terminal-pair surface acoustic wave 
resonator with predetermined resonance frequency at the antiresonant frequency 
of this 1st resonator at a juxtaposition arm. 

[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
changing further at least one propagation bearing in two or more resonators 
which change propagation bearing given in the preceding clause, and have 
carried out pattern formation from propagation bearing of other resonators, and 
having formed. 

[Claim 3] The surface acoustic wave filter characterized by the parallel resonance 
machine which connects between series resonance machines and constitutes 
the filter of a ladder mold consisting of three or more resonators which have the 
same logarithm and opening length. 

[Claim 4] The surface acoustic wave filter according to claim 3 characterized by 



for at least one changing both a logarithm or opening length, and having formed 
it compared with other resonators of the three or more resonators which 
constitute a juxtaposition arm given in the preceding clause. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface acoustic wave filter 
which comes to connect two or more surface acoustic wave resonators with a 
ladder mold. 

[0002] Although the surface acoustic wave filter has been used as a filter for 
images like [ before ] the intermediate frequency filter (IF filter) of television or 
radio, taking advantage of the small and cheap description, need is increasing 
quickly as filters for mobile communication, such as an automobile and a portable 
telephone. 

[0003] Until now, as a surface acoustic wave filter, many transversal molds with 
which the Kushigata electrode and the Kushigata electrode for reception which 
excite a surface acoustic wave keep their distance, and have carried out pattern 



formation were used on the piezo-electric substrate. 
[0004] However, while improving an insertion loss sharply by resonating a 
surface acoustic wave recently with the surface acoustic wave resonator which 
equipped the both sides of the Kushigata electrode for excitation with the 
reflector, the surface acoustic wave filter of the resonator mold which made 
addition of an impedance matching circuit unnecessary is developed. 
[0005] Now, with a present land mobile radiotelephone and a present cellular 
phone, it is 800 - 900 MHz. If the surface acoustic wave filter which the band is 
used and is used for this adds an inductance to a surface acoustic wave 
resonator, it is known that low loss will be maintained and whenever [ high 
oppression ] can be realized. 

[0006] However, with a next-generation land mobile radiotelephone and a next- 
generation cellular phone, it is 1.5 GHz. 1.9 GHz Use of a semi- microwave band 
is planned. Then, development of the surface acoustic wave filter which 
maintains low loss and has whenever [ high oppression ] also in a ****** semi- 
microwave band is called for. 
[0007] 

[Description of the Prior Art] The block diagram and this drawing (B) of the 1 
terminal-pair surface acoustic wave resonator (omitting below resonator) with 
which drawing 9 (A) constitutes a surface acoustic wave filter (omitting below 
filter) are this abridged notation. 

[0008] That is, although the resonator has formed the reflector 3 in the both sides 
of the Kushigata electrode 1 for excitation which make a pair, there are an open 
sand mold, a short circuit mold, a strip array mold, etc. in this reflector, and this 
drawing (A) shows the case where it consists of a short circuit mold. 
[0009] Next, although, as for the ****** resonator, the impedance has the duplex 
resonance characteristic which is set to 0 and serves as max in antiresonant 
frequency fap in resonance frequency frs By arranging two or more resonators in 
a ladder mold, and the filter's constituting them on the serial arm and the 
juxtaposition arm, as the example of representation is shown in drawing 10, and 



making the antiresonant frequency fap of the resonator of a juxtaposition arm 
carry out abbreviation coincidence of the resonance frequency frs of the 
resonator of a serial arm in that case The band pass filter which makes the 
frequency center frequency is formed. 

[0010] By ****, the resonance frequency and antiresonant frequency of a 
resonator are at the pattern period of the Kushigata electrode, and are as ******. 
if the substrate of Z cut Y propagation of lithium niobate (LiNb03) is used as a 
substrate ~ 1 .9 GHZ according to count for realizing the filter of a band - the 
pattern period of the Kushigata electrode - a serial arm -- 2.06 micrometers , a 
juxtaposition arm -- 2.08 micrometers ** - it is necessary to carry out 
[001 1] However, photo-etching technique after carrying out film formation of the 
electrode formation metal on a substrate (photolithography) It is not easy to form 
this pattern with a sufficient precision, and when using and carrying out pattern 
formation of the Kushigata electrode, since it is necessary to change exposure 
conditions with the period of the Kushigata electrode for that purpose, it becomes 
complicated [ a process ]. 

[0012] Next, a filter boils [ the magnitude of attenuation of a signal / markedly ] a 
decay area compared with a pass band and is large as a filter shape. It is a 
requirement to have whenever [ high oppression ]. as the method of improving 

whenever [ oppression ] ~ a ladder mold -- resonator (henceforth parallel 
resonance machine) of a juxtaposition arm Resonator (henceforth series 
resonance machine) of electrostatic capacity (Cp) and a serial arm a ratio 
(capacity factor) with electrostatic capacity (Cs) ~ if Cp/Cs is enlarged, it is 
known that whenever [ oppression ] can be improved. 

[0013] Drawing 8 is about 1.45 GHZ(s). Whenever [ oppression ] is improvable, if 
a capacity factor is enlarged compared with the case where the capacity factor 
which shows the effect of a capacity factor in the filter made into the center 
frequency of a pass band, and is shown as a continuous line 5 is small as a 
broken line 6 shows. 

[0014] However, Cp When it enlarges, there is a problem which says that the 



effect of the inductance (L) component of the solid ground connection of this 
resonator appears greatly, and the depression location 7 of the standup part of a 
filter moves to a low frequency side by the filter shape. 
[0015] 

[Problem(s) to be Solved by the Invention] It is required to make the resonance 
frequency of a series resonance machine in agreement with the antiresonant 
frequency of a parallel resonance machine , and to form it as the 1st technical 
problem , in the band pass filter which comes to make circuit connection of the 
resonator at a serial arm and a juxtaposition arm , and it is necessary to form the 
Kushigata electrode for which it asked by count for that purpose and which 
constitutes a resonator from a high pattern precision so that a period may be 
realize repeatedly . 

[0016] However, GHZ Realizing this in a high frequency like a band, considering 
the precision of photo etching is reducing the manufacture yield rather than it is 
easy, whenever [ next, / oppression / with a filter expensive as the 2nd technical 
problem ] ~ **** ~ although it is required to be, when a capacity factor is raised, 
the effect of the inductance (L) component of a parallel resonance machine 
appears and starts, and there is a problem which says that the depression 
location of a part moves to a low frequency side. 
[0017] Then, it is a technical problem to solve such a problem. 
[0018] 

[Means for Solving the Problem] If attached to the 1st technical problem among 
the above-mentioned technical problems, in the filter of the ladder mold which 
comes to connect with a serial arm the 2nd resonator with the resonance 
frequency which carries out abbreviation coincidence of the 1st resonator with 
predetermined resonance frequency at the antiresonant frequency of the 1st 
resonator again at a juxtaposition arm, pattern formation of the propagation 
bearing of the surface acoustic wave of this 1st resonator and 2nd resonator is 
changed and carried out. 

[0019] Moreover, it is solvable when the parallel resonance machine which 



connects between series resonance machines about tine 2nd teclinical problem, 
and constitutes tine filter of a ladder mold consists of three or more resonators 
which have the same logarithm and opening length. 
[0020] 

[Function] The conventional surface acoustic wave resonator made propagation 
bearing bearing where the propagation velocity of a surface wave is the largest in 
the piezoelectric-crystal substrate, pattern formation of a resonator was 
performed, and resonance frequency and antiresonant frequency were decided 
with the pattern period of the Kushigata electrode. 

[0021] On the other hand, the requirement of the series resonance machine 
which constitutes a filter by changing bearing of the resonator which carries out 
pattern formation, and a parallel resonance machine is made easy to use that the 
propagation velocity of a surface wave depends for this invention on bearing of a 
crystal substrate, and to satisfy. 

[0022] Drawing 7 is lithium niobate (LiNbOS). In Z cut substrate of a single crystal, 
by changing the include angle theta from X shaft orientations of a crystal, as 
shown in this drawing shows changing the propagation velocity of a surface wave 
periodically. 

[0023] In addition, a continuous line 8 is the case (free surface) where there is no 
pattern on a substrate, and a broken line 9 is propagation velocity in case pattern 
formation is performed (short circuit front face). Therefore, if the bearing 
dependency of this propagation velocity is used, even if it forms equally the 
pattern period of the Kushigata electrode of a series resonance machine and a 
parallel resonance machine depending on the case, the resonance frequency of 
a series resonance machine can be made in agreement with the antiresonant 
frequency of a parallel resonance machine, and it will become possible to form a 
filter. 

[0024] Next, as shown in drawing 10, when the filter is formed with two or more 
series resonance machines and parallel resonance machines, if one of parallel 
resonance machines is leaned further and it is formed, the filter shape by the 



side of low frequency can be changed. 

[0025] That is, when the filter is formed with 2 sets of series resonance machines, 
and a parallel resonance vessel, since a filter shape consists of composition with 
the filter shape formed with the series resonance machine and parallel 
resonance machine of the filter shape of the filter formed with the series 
resonance machine and parallel resonance machine of a lot, and other lots, by 
leaning one parallel resonance machine further, it can change the filter shape by 
the side of low frequency, and, thereby, can change the location of an 
attenuation pole. 

[0026] Next, they are capacity factor Cp / Cs of a parallel resonance machine 
and a series resonance machine as an approach of improving whenever 
[ oppression / of a filter ]. As opposed to the problem which says that the effect of 
the inductance (L) of the path cord of a parallel resonance machine will appear, 
and depression of the standup part of a filter will move to a low frequency side if 
it enlarges If a parallel resonance machine is distributed and formed in n 
resonators which have the same logarithm and opening length, since the 
magnitude of an inductance (L) decreases to 1/n, it can mitigate this effect. 
[0027] In addition, if both a logarithm, and opening both [ either or ] are changed 
and formed compared with the resonator of others one of two or more resonators 
which constitute a parallel resonance machine in this case, a filter shape is 
changeable, and if this is used, it will become possible to adjust the frequency 
which wants to obtain high oppression. 
[0028] 

[Example] Example 1 : (claim 1 correspondence) 

Drawing 1 is every two series resonance machines S1 which are the top views of 
a package in which the surface acoustic wave filter which carried out this 
invention was held, and show a circuit diagram on Z cut single crystal substrate 
10 of LiNbOS at drawing 10, and S2. The parallel resonance machine PI and P2 
A filter is constituted, and after equipping a package 1 1 , the condition of having 
made WAIYA bonding connection of the terminal of a filter at the terminal of a 



package is shown. 

[0029] **** -- a resonator and a conductor - a track ~ the spatter film of the 
aluminum (aluminum) of copper (Cu) addition - photo etching - carrying out ~ 
pattern formation - carrying out - the pattern period of the Kushigata electrode ~ 
2.06 micrometers It took. In addition, the series resonance machine S1 and S2 
Propagation bearing is the parallel resonance machine P1 and P2 for Y shaft 
orientations (propagation velocity about 3880 m/s). Propagation bearing was 
taken in the direction (propagation velocity about 3840 m/s) which shifted 10 
degrees from this. 

[0030] Drawing 2 is the filter shape of a ****** filter, and even if it makes the same 
the pattern period of a parallel resonance machine and a series resonance 
machine, it is shown that a band pass filter is made. 
Example 2 : (claim 2 correspondence) 

It sets in the example 2 and is two parallel resonance machines P1 and P2. 
Inside and P1 The pattern could be shifted further 10 degrees (the direction, 
propagation velocity about 3800 m/s which shifted 20 degrees from the Y-axis), 
and was formed. 

[0031] It is the filter shape of a ****** filter, compares with drawing 2 , and 
drawing 3 is the parallel resonance machine PI to the decay area by the side of 

low frequency. It turns out that the attenuation pole 13 to depend has occurred. 
Thus, by leaning and carrying out pattern formation of the resonator, the location 
of an attenuation pole can be changed and whenever [ oppression-on frequency 
which this needs ] can be improved. 
Example 3 (claim 3 correspondence) 

The circuit diagram of the surface acoustic wave filter with which drawing 4 
carried out this invention, and drawing 5 are the circuit diagrams of the 
conventional surface acoustic wave filter. 

[0032] That is, as conventionally shown in drawing 5 , it is the series resonance 
machine SI and S2. Parallel resonance machines PI and P2 Mirror symmetry is 
carried out, the filter is constituted and it is the series resonance machine SI. S2 



They are two parallel resonance machines P1 in between. P2 Circuit connection 

is made. 

[0033] For the conventional resonator, at ****, opening length is 100. mum When 
a logarithm carried out pattern formation by 60, the filter shape as shown in the 
continuous line 13 of drawing 6 was shown. On the other hand, opening length is 
100. mum If the logarithm connected the resonator of 40 to three-piece 
juxtaposition as shown in drawing 4 , as the broken line 14 of drawing 6 shows, 
whenever [ near the pass band / oppression ] is improvable. 
Example 4 (claim 4 correspondence) 

In the filter of an example 3, the opening length of the piece of the resonators 
linked to three-piece juxtaposition was slightly formed greatly compared with 
other two resonators. 

[0034] Consequently, depression of a standup can be slightly moved to a low 
frequency side, consequently it is 1.31-1.37MHz. In the band, whenever 
[ oppression / of -35 dB ] was securable. 
[0035] 

[Effect of the Invention] It becomes possible to adjust the filter shape in the 
frequency which he can ease [ frequency ] the effect of the inductance of the 
parallel resonance machine which appears when the difficulty on the 
manufacture produced by making the pattern period of the Kushigata electrode 
small in the filter used for a semi- microwave band by operation of this invention 
can be eased and it improves whenever [ oppression ], and wants to obtain high 
oppression. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the surface acoustic wave filter which carried out 
this invention. 

[Drawing 2] It is the property Fig. of the band pass filter which carried out this 
invention. 

[Drawing 3] It is the property Fig. of another band pass filter which carried out this 
invention. 

[Drawing 4] It is the circuit diagram of the surface acoustic wave filter which 

carried out this invention. 

[Drawing 5] It is the circuit diagram of the conventional surface acoustic wave 
filter. 

[Drawing 6] It is the filter shape Fig. of the band pass filter which carried out this 
invention. 

[Drawing 7] In Z cut substrate of LiNb03 crystal, it is the related Fig. of the 

propagation velocity of a surface wave, and bearing. 

[Drawing 8] It is the filter shape Fig. showing the effect of a capacity factor 

(Cp/Cs). 

[Drawing 9] It is the block diagram (A) and abridged notation (B) of 1 terminal- 
pair surface acoustic wave resonance. 

[Drawing 10] It is the circuit diagram of an example showing the configuration of 

a surface acoustic wave filter. 
[Description of Notations] 
1 Kushigata Electrode 



3 Reflector 

10 LiNbOS Substrate 
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[Drawing 5] 



[Drawing 6] 




[Drawing 7] 
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